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General experimental information
All reactions were carried out under an argon atmosphere using standard Schlenk equipment and syringe techniques. All glassware was dried in a hot oven (160 ºC, for at least 12 hours) and cooled in a sealed desiccator over silica gel or assembled while hot and cooled under vacuum. DCM, DMSO and MeCN were freshly distilled from CaH 2 . DMF was freshly distilled from MgSO 4 .
Et 2 O, THF and toluene were freshly distilled from sodium/benzophenone. n-BuLi was used as a 2.5 M solution in hexanes and was stored at 4 °C. All other solvents and commercially obtained reagents were used as received or purified using standard procedures. Reactions were monitored by GC and/or TLC. GC was performed on a Hewlett Packard HP 6890 series GC system, using a HP-5 (cross-linked 5% PhMe-siloxane) 30 m column, with a film thickness of 0.25 µm and 0.32 mm internal diameter. The carrier gas was helium and the flow rate was 2.7 mL min -1 . TLC was performed using Merck silica gel 60 F 254 plates with detection by UV and/or polyphosphomolybdic acid dip. Silica gel 60A (particle size 35-70 microns)
supplied by Fisher Scientific was used for flash chromatography columns.
Columns were packed and run under light pressure. Solvent compositions are described as ratios prior to mixing. NMR spectra were recorded on a Bruker DPX400 spectrometer. Chemical shifts for proton and carbon NMR spectra are reported on the ! scale in ppm and were referenced to residual chloroform peaks at 7.27 ppm for 1 H spectra and 77.00 ppm (centre peak of triplet) for 13 C spectra. The coupling constants (J) are measured in Hz (Hertz). Splitting patterns are abbreviated as follows: singlet (s), doublet (d), triplet (t), quartet (q), sextet (sxt), multiplet (m), broad (br), or a combination of these. Electron impact ionisation (EI) and chemical ionisation (CI) mass spectra were recorded on a ThermoQuest TraceMS GCMS. Electrospray mass spectra (ESI) were recorded using a VG platform quadrupole spectrometer. Accurate mass spectra were recorded on a VG analytical 70-250-SE double focusing mass spectrometer using EI at 70 eV or a Bruker Apex III using ESI. Infra-red spectra were run as neat films on a Thermo Nicolet 380 FT-IR spectrometer with a Smart Orbit Goldengate attachment. Absorptions are given in wavenumbers (cm -1 ).
Enantioselective ring opening of cis-3a, 4,7,7a-S3 tetrahydroisobenzofuran-1,3-dione (9) to afford (1R,6S)-6-(methoxycarbonyl)cyclohex-3-enecarboxylic acid (10) was carried out as described by Bolm 1 and enantiomeric excess determined as described in section 5. Reductive ring closure of 10 to give (3aS,7aR)-3a,4,7,7a-tetrahydroisobenzofuran-1(3H)-one (11) was as described by Ferkany, 2 and conversion of 11 into ((1S,6S)-6-vinylcyclohex-3-en-1-yl)methanol (12) 137. 3, 125.2, 124.5, 119.2, 116.8, 39.6, 33.9, 29.0, 28.2, 19.7 
(4R,5R)-4-(Hept-2-en-1-yl)-5-vinylcyclohex-1-ene (6)
DIBAL-H (31 mL of a 1.0 m solution in toluene, 31 mmol) was added dropwise to a stirred solution of nitrile 13 (2.17 g, 14.7 mmol) in dry THF (45 mL) at -78 °C. The mixture was stirred at -78 °C for 30 minutes and at room temperature for 2 hours. Saturated NaHCO 3 solution (100 mL) was added and stirred at RT for 2 hours. The reaction mixture was extracted with ether (3 x 50 mL). The organic extracts were combined, washed with brine (100 mL), dried (MgSO 4 ), filtered and the solvent removed in vacuo to give the intermediate aldehyde, 2-(6-vinyl-cyclohex-3-enyl) acetaldehyde (S1) as a colourless liquid (2.13 g). ! H (300 MHz, CDCl 3 ) 9.731 (1H, t, J = 1.7 Hz), 5.911 (1H, ddd, J = 17.4, 10.4, 8.4 Hz), 5.1 -4.9 (2H, m), 2.5 -2.2 (4H, m), 98, 139.41, 115.81, 46.45, 43.26, 34.28, 29.83, 29.11, 24.23, 22 .83 ppm.
n-BuLi (8.4 mL of a 2.5 M solution in hexanes, 21 mmol) was added dropwise to butyltriphenylphosphonium bromide (8.39 g, 21 mmol) in dry THF (60 mL)
at 0 °C and left stirring at room temperature for 45 minutes. The reaction mixture was cooled to 0 °C. The intermediate aldehyde S1 (2.11 g, 14 mmol) was added dropwise to the reaction mixture at 0 °C and the mixture stirred at 7, 128.6, 126.2, 125.3, 114.8, 40.4, 37.2, 30.1, 29.4, 29.3, 28.7, 22.9, 13.8 ; (E)-isomer, visible in mixture and separately prepared as the major isomer using a Julia olefination: 139. 4, 131.6, 129.0, 126.3, 125.3, 114.8, 40.1, 36.9, 35.1, 34.8, 30.3, 28.6, 22.7, 13.7 6, 128.3, 127.4, 127.3, 127.0, 126.4, 125.8 16b MeOH (40 mL) and a saturated solution of NaHCO 3 (40 mL) were added and the reaction mixture stirred at room temperature for 16 hours. The reaction mixture was poured into water (300 mL) and extracted with ether (3 x 50 mL).
The organic extracts were combined, washed with water (300 mL), brine (300 
Purification of 2-((1R,2S,3aR,7aR)-2-butyl-2,3,3a,4,7,7a-hexahydro-1H-inden-1-yl)ethanol (19a) by iodoetherification of other diastereoisomers.
Alcohol 19 (1.36 g, 6.1 mmol) and iodine (0.609, 2.4 mmol) were refluxed in benzene (12 mL) for 5 hours. The reaction mixture was poured into a saturated solution of Na 2 S 2 O 3 (300 mL) and extracted with ether (3 x 50 mL).
The organic extracts were combined, dried (MgSO 4 ), filtered and the solvent removed in vacuo to give the crude product as a black liquid (1.81 g).
Purification by column chromatography (SiO 2 , CH 2 Cl 2 ) gave the title compound as a colourless liquid and single diastereoisomer (533 mg, 39% recovery). 7, 129.5, 127.3, 127.2, 62.9, 52.3, 47.2, 42.3, 40.1, 37.0, 36.7, 36.7, 32.4, 32.3, 31.6, 30.7, 25.6, 22.9, 14 7, 130.5, 129.6, 127.3, 127.1, 52.2, 47.2, 42.3, 40.1, 37.0, 36.7, 36.7, 33.3, 32.4, 31.8, 31.6, 30.7, 24.5, 22.9, 14 2, 130.3, 129.8, 127.3, 127.1, 52.2, 51.4, 47.2, 42.3, 40.1, 37.0, 36.7, 36.7, 33.4, 32.4, 31.9, 31.6, 30.7, 24.7, 22.9, 14 Additional evidence for the relative stereochemistry of the chiral centres present in Mucosin was obtained through zirconocene induced cyclisation of the model substrate S2 under conditions that gave the thermodynamically more stable zirconacycle (5 h at RT). Work-up with oxygen allowed a single diol S3 to be isolated in 65% yield. Derivatisation as the bis-biphenylcarbonyl ester gave a crystalline compound S4, the structure of which was confirmed by X-ray crystallography. Ar was added dropwise n-butyllithium (0.64 mL of a 2.5 M solution in hexanes, 1.6 mmol). After 10 minutes, a solution of 4-allyl-5-vinylcyclohexene (S2) (104 mg, 0.7 mmol) in THF (3 mL) was added. The reaction mixture was allowed to warm to room temperature and stirred for 5 h resulting in a brown solution.
(E)-7-((1R
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rac-(2S, 3S, 3aR, 7aS)-[2-(Hydroxymethyl)-2,3,3a,4,7,7a-hexahydro-1H-1-indenyl] methanol dibiphenoyl ester (S4)
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Determination of ee of acid ester 10
The ee of acid ester 10 was determined using 1 H NMR of the adduct formed by addition of quinidine (1.1 eq) to a solution of acid ester 10 in CDCl 3 . The integrals of the methyl ester singlets in the 3.6 ppm region gave an ee of 90%. 
